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Quantitative data on the early morphological development of the human retina show that the 
peripheral region is relatively more mature than the central region. These results have stimulated 
researchers to compare the development of visual functions in the central and peripheral regions of 
the visual field. Here, we used preferential looking to evaluate 1-, 2- and 3-month-old infants' 
central and peripheral (10 ° and 30 °) monocular visual acuity. There were three findings: (i) both 
central and peripheral acuities were poor at I month, improved over the age range tested, but were 
still about 3 octaves worse than adults' acuity; (ii) at all ages monocular acuity decreased with 
increasing eccentricity; (iii) 2- and 3-month-olds howed higher acuity for gratings in the temporal 
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INTRODUCTION 
Over the past decade there has been a growing interest in 
the early development of peripheral vision. One of the 
primary reasons for this has been the publication of 
anatomical data which show that the peripheral region of 
the young infant's retina is relatively more mature than 
the central or foveal region (Abramov et al., 1982; 
Hollyfield et al., 1983; Mann, 1964; Yuodelis & 
Hendrickson, 1986). These findings prompted specu- 
lation that the young infant's peripheral retina may 
subserve certain aspects of visual functioning (e.g., visual 
acuity) which in adults are mediated by the foveal region 
of the retina (Abramov et al., 1982; Bronson, 1974; 
Hendrickson & Drucker, 1992; Packer et al., 1984; 
Salapatek, 1975). Interestingly, however, the results of 
experiments which have used either behavioral and/or 
electrophysiological techniques have generally not sup- 
ported this hypothesis. For example, infants how greater 
spatial resolution for stimuli presented centrally than for 
those presented peripherally (Atkinson et al., 1977; Allen 
et al., 1989; Sireteanu, et al., 1984; 1994; Spinelli, et al., 
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1983). Nevertheless, it is still possible that he gradient of 
the central to peripheral decline in sensitivity that is 
characteristic of adults' spatial vision (Frisen & Glan- 
sholm, 1974; Green, 1970; Kerr, 1971; Millodot, et al., 
1975; Rovamo, et al., 1978) might be shallower in the 
young infant han it is in the adult. 
In addition, researchers are currently engaged in 
specifying the factors which limit infants' spatial 
resolution across the visual field. For example Banks 
and Bennett (1988) have argued that foveal immaturities 
such as greater photoreceptor spacing and inefficient 
quantum absorption account for most of the approxi- 
mately 4.5 octave difference between psychophysical 
estimates of foveal acuity in the neonate and the adult. 
The remainder has been attributed to postreceptoral 
immaturities in the retino-striate pathways, the spatial 
frequency tuning of retinal, geniculate, and cortical cell 
receptive fields, and/or in the post-striate areas of the 
visual association cortex, although the relative impor- 
tance of these is still being debated (see Banks & 
Crowell, 1993; Brown, et al., 1987; Mohn & Van Hof- 
van Duin, 1990; Wilson, 1988). On the other hand, the 
factors that constrain infants' spatial resolution across the 
periphery have not been specified, in part because of the 
unavailability of relevant psychophysical data. Recent 
research on the development of the peripheral retina 
indicates that although all cell types and retinal layers are 
present before birth, there is substantial postnatal growth 
in area, a concurrent decrease in photoreceptor and 
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ganglion cell densities as these cells migrate toward the 
fovea, and continued maturation of photoreceptors for at 
least the first 45 postnatal months (see Hendrickson & 
Drucker, 1992; Hendrickson, 1993). 
Interest in the development of peripheral vision has 
also been motivated by clinical reports which indicate 
that infants and young children with neurological and 
ophthalmic disorders are at risk of delayed maturation or 
more enduring deficits of the visual fields (Scher, et al., 
1989; Van Hof-van Duin & Mohn, 1984; Van Hof-van 
Duin,, et al., 1989, 1992). Prompt identification of such 
problems is important in view of increasing evidence that 
for many visual disorders, timely diagnosis leads to 
earlier intervention and potentially better outcome (de 
Vries, et al., 1992; Lewis, et al., 1986; Van Hof-van Duin 
& Mohn, 1984; Vital-Durand, 1992). To date, most of the 
research on the development of peripheral vision has 
focused on infants' ability to detect stimuli located at 
various points in the visual field [see Maurer & Lewis 
(1991) for a review]. Although this mapping of the visual 
field has both scientific merit and clinical utility, there is a 
further need for data on the development of other 
peripheral functions uch as visual acuity. Visual acuity 
is probably the best index of the precision of visual 
functioning, and with the measurement of visual fields, is 
a standard component in the clinical assessment of 
infants and children who have, or are at risk of, visual 
disorders (Courage, et al., 1994; Luna, et aL, 1992; 
Mohn, et al., 1988; Van Hof-van Duin et al., 1989; 1992; 
Scher et al., 1989). Further, Sireteanu et aL (1994) have 
noted that testing visual acuity across the visual field is 
important for the clinical diagnosis and management of
amblyopic disorders, which can have differential effects 
on central and peripheral vision. 
In a preliminary study of infants' peripheral visual 
acuity, Sireteanu et al. (1984) compared central (i.e., 
free-viewing or "best") and peripheral binocular acuity 
during the first postnatal year. At all ages, resolution of 
gratings placed in a 12 deg aperture and centered at 10 ° in 
the periphery was lower than resolution of gratings 
located centrally, although both were immature in 
comparison to adults'. In an expansion of that study, 
Sireteanu et al. (1994) assessed monocular and binocular 
visual acuity with gratings placed in a 15 deg aperture 
and centered at 20 ° in the periphery. They found that 
although estimates of binocular acuity were higher than 
estimates of monocular acuity, both acuities increased 
steadily between 2and 11 months of age but were still not 
adult-like at that time. However, these studies were 
limited in two ways. First, very young infants were not 
differentiated by age, with estimates of visual acuity of 0- 
to 3-month-olds (Sireteanu et al., 1984) and 2- to 4- 
month-olds (Sireteanu et al., 1994) grouped together. As 
the first few months of postnatal life are marked by rapid 
development in both structure and function in the visual 
system, more specific data on visual development in these 
early months are particularly important. In fact, Sireteanu 
et al. (1994) reported binocular acuity increased by a 
factor of 2-4 in this period. Second, there were no 
monocular tests of visual acuity conducted on the 
youngest infants. Recently, Courage and Adams (1990) 
assessed groups of 1-, 2- and 3-month-olds' binocular and 
monocular visual acuity for gratings placed in a 9 deg 
aperture. The nearest edge of the aperture was located at 
20 ° in the periphery. They found that both monocular and 
binocular peripheral acuities were less than 0.5 c/deg at 
1 month but improved steadily over the next 2 months at 
which time they were still at least 3 octaves below that of 
the adult. However, as Courage and Adams did not 
include a central viewing condition, no comparison 
between central and peripheral (20 ° ) acuity was possible. 
The goal of the present study was to extend these 
findings on the development of visual acuity across the 
visual field in the critical early months of life by 
examining 1-, 2- and 3-month-olds' monocular visual 
acuity for gratings located centrally, and at 10 ° and 30 ° in 
the periphery. Monocular assessment enables a compar- 
ison of the development of peripheral acuity in the 
temporal and nasal visual fields separately, and may 
provide useful information about development in the 
different retinal and postretinal pathways to which they 
project [see Maurer & Lewis (1991) for a review]. 
Interestingly, in the only studies of infants' monocular 
peripheral acuity reported to date, both Courage and 
Adams (1990) and Sireteanu et al. (1994) found that, like 
adults (Fahle & Schmidt, 1988; Rovamo et al., 1978; 
Sireteanu & Fronius, 1981), there was a naso-temporal 




The subjects in this study were 243 infants (128 males, 
115 females) and two young adults (one male, one 
female). The infants were at least 38 weeks gestational 
age and 2500 g at birth, and had no known neurological 
or visual anomalies. At the time of testing, 79 infants 
were 1-month-old (mean = 5.3 weeks, SD = 0.6 weeks), 
83 were 2-months-old (mean = 9.2 weeks, 
SD = 0.6 weeks) and 81 were 3-months-old 
(mean = 12.8 weeks, SD = 0.6weeks). Infants were 
selected such that there was no overlap in age among 
the three groups. An additional 25 infants were tested but 
not included in the final sample because of fussiness 
(n = 13), side bias (n = 10), or procedural error (n = 2). In 
addition to this sample, two infants of 1-, 2-, and 3- 
months-old were recruited for repeated testing over 
several consecutive days in order to obtain enough trials 
to provide individual psychometric functions. However, 
only one 2-month-old and two 3-month-olds completed 
the procedure and only for gratings at 10 °. All of the 
infants were enlisted through direct contact with the 
parents in the early postpartum period with a subsequent 
phone call to schedule an appointment for testing. The 
adult male and female subjects were university students, 
30- and 24-yr-old, respectively. Neither had any history 
of visual disorder or required optical correction. 
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Stimuli and apparatus 
The apparatus consisted of a large screen 
(280 x 95 cm) constructed by hinging together two, 
140 × 95 cm, gray panels. The panels stood vertically 
and were opened at an angle of 145 deg in front of the 
subject. From a viewing distance of 55 cm, the screen 
contained two 9 deg, square-shaped apertures located to 
the left and right of the midline. The apertures could be 
adjusted to any required eccentricity along the horizontal 
meridian. For the peripheral viewing condition, the 
apertures were placed so that their nearest edges were 
10 ° or 30 ° from the midline of the screen, as needed. For 
the central viewing condition, the distance between the 
apertures was 24.5 cm. A small (1 cm) central peephole 
through which the subject could be observed was also 
located at the midline. A series of 10, tiny (3 mm) red 
LED lights surrounded the peephole and could be 
activated to attract the subject's attention to a central 
fixation point at the start of each test trial. The screen was 
illuminated uring the test trials by two large, 60 W bulbs 
which cast diffuse white light. These were located behind 
the subject. The luminance of the stimuli under these 
conditions was 79 cd/m 2. 
The stimuli which were placed in the apertures of the 
screen, consisted of a series of high contrast (84%), 
vertical, black-and-white square-wave gratings (Inter- 
graphics, Kirkland, WA, U.S.A.). On each trial, two 
stimuli (a test stimulus and a control stimulus) were 
presented to the subject. The spatial frequencies of the 
test stimuli were 0.24, 0.48, 0.96, 1.9, 3.8, 7.7, 15.4, and 
30.6 c/deg. The spatial frequency of the control stimulus 
was 88.2 c/deg, which is well above the resolution 
threshold for adult observers under central viewing 
conditions. It appeared to be a uniform gray which 
closely matched the background gray of the screen. On 
each trial, the control stimulus appeared in one of the 
apertures and the appropriate test grating of a lower 
spatial frequency appeared in the second aperture. 
Procedure 
Testing was conducted by two adults--a "naive" 
observer (0) who was always unaware of the location and 
*Of necessity we used a forced-choice preferential-looking (FPL) 
procedure to test central acuity and a preferential-looking (PL) 
procedure totest peripheral cuity. Although these procedures are 
both based on a visual preference r sponse, a 'correct' response in
the FPL procedure is less constrained and the observer isprovided 
with a longer decision time. The use of the two methods, though 
necessary, is a potential limitation to our study. However, Atkinson 
et al. (1977) compared visual acuity estimates obtained with these 
two procedures and found that hresholds based on PL were about 
0.25 octave higher than those based on FPL. Clearly, a difference 
of this magnitude would not be sufficient to alter the conclusions of
our study. 
tThis occurred for a group of l-month-olds (10 ° condition) and a 
group of 3-month-olds (30 ° condition). In order to maximize the 
number of data points infants would provide in a test session we 
limited the number of spatial frequencies presented to three. While 
the three spatial frequencies selected were appropriate in seven of 
our nine conditions, additional stimuli were required to produce 
orderly psychometric functions in the two conditions noted above. 
spatial frequency of the grating being tested, and an 
experimenter (E) who set up the stimuli used for each 
trial. During testing, each infant wore an adhesive patch 
over the nonviewing eye (viewing eye was alternated 
across subjects) and sat on an adult's lap at a distance of 
55 cm from the center of the screen, such that both the 
center of the stimulus apertures and the O's peephole 
were at the subject's eye level. At the beginning of each 
trial the light in the testing room was dimmed to reduce 
distraction for the infant and the central red lights around 
the peephole were activated by the O. Once the O judged 
that the subject was fixating centrally, the O signaled the 
E who immediately placed the control stimulus in one of 
the apertures and a test grating in the other aperture. 
Simultaneously with the presentation of the gratings, the 
testing room was illuminated by the two 60 W lamps. 
For those tested at 10 and 30 °, the O noted the direction 
of the infant's first fixation to the left or right of center. 
After recording his/her decision, the O signaled the E to 
continue. The E immediately dimmed the lights, removed 
the gratings, and set up the next trial. However, if the O 
could not make a decision within 10sec following 
stimulus presentation, the lights were again dimmed and 
the trial was repeated. Also, a trial was repeated if the O 
judged that the baby was no longer fixating centrally at 
the moment hat the screen was illuminated. 
For those tested with the gratings placed centrally, we 
used a forced-choice preferential-looking (FPL) proce- 
dure.* Thus, instead of recording the infant's first left or 
right eye movement, subjects were allowed to look freely 
and compare the test and control stimuli which were 
located on each side of the midline. In this case, the O's 
task was to make a judgment about the location of the 
grating based on any or all of the infant's behavioral cues. 
There was no trial-by-trial feedback given to the O during 
any condition. 
For all conditions we used the method of constant 
stimuli to assess infants' visual acuity. Depending on his/ 
her age, each infant was shown three different spatial 
frequencies in both the temporal and nasal locations of 
one of the three eccentricities (i.e., either central, 10 °, or 
30°). The spatial frequencies were selected on the basis of 
infants' performance in an earlier study (Courage & 
Adams, 1990) and spanned a 2 octave range, within 
which infants' 70% thresholds were anticipated to fall. If 
we later determined that the spatial frequencies elected 
were inappropriate for this purpose, additional groups of 
infants were tested with higher or lower spatial 
frequencies.t For each infant, the order in which each 
of the three spatial frequencies were shown and the left- 
right position in which they were presented, were 
randomized across trials and known only by the E. The 
procedure continued until the infant lost interest or would 
no longer cooperate. No infant was included in the study 
unless he/she completed a minimum of one block of six 
trials (a block consisted of each of the three spatial 
frequencies presented once in each of the two visual 
fields). The infants who were tested over several days 
were treated exactly as were the subjects tested once. 
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FIGURE 1. Psychometric functions for monocular grating acuity in 1-, 2-, and 3-month-old infants and in adult subjects assessed 
at central, 10, and 30 ° positions in the visual field. Arrows indicate the spatial frequencies that correspond to the point at which 
group functions cross the 70% correct line. 
Stimuli were presented only at the 10 ° eccentricity for 
this condition. 
The adult subjects were tested in the same manner as 
the infants except hat they indicated verbally the left or 
right position of the gratings on each trial. Another 
difference was that each adult was tested at all three 
stimulus locations. As with the infants, spatial frequen- 
cies were chosen on the basis of the results of our earlier 
study (Courage & Adams, 1990). These were 30.6, 15.4, 
and 7.7 c/deg for central viewing and 10°; and 7.7, 3.8, 
and 1.9 c/deg at 30 °. The order in which the stimuli were 
shown and the left-right position in which they were 
presented were randomized and counterbalanced across 
subjects. 
RESULTS 
The goal of this study was to provide data on the 
development of visual acuity in the nasal and temporal 
fields during the first 3 postnatal months. However, 
collecting these data from such young infants provided a
formidable challenge, one that required compromises in
the experimental design that ultimately constrained 
analysis of the data and interpretation of the results. 
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FIGURE 2. Decline in visual acuity in 1-, 2- and 3-month-old infants 
and adult subjects as a function of increasing eccentricity. [Data at 20 ° 
have been plotted from Courage and Adams (1990).] 
Consistent with traditional psychophysical practice, we 
originally had planned to obtain enough data from each 
infant to plot individual psychometric functions, to 
estimate threshold visual acuity values by a curve-fitting 
procedure such as probit analysis, and to derive the error 
statistics needed to test for significant differences among 
specific threshold values. However, the time window 
within which these very young infants are in the quiet 
alert state needed for testing, is limited (especially under 
monocular viewing conditions). Consequently, few 
infants provided enough trials at each spatial frequency 
and in each field to analyze the data in this optimal 
manner. Thus, we report, analyze, and discuss our data in 
terms of their basic descriptive form, i.e., percentage of 
correct responses in each condition. 
Our data revealed that on average, for gratings 
presented centrally and at 10 and 30 °, each 1-month- 
old contributed 3.4, 2.8, and 2.8 blocks of trials (with six 
trials per block); each 2-month-old contributed 3.3, 3.1, 
and 3.8 blocks; and each 3-month-old contributed 3.0, 
3.7, and 3.0 blocks, respectively. Each adult provided 144 
trials (24 blocks) at each of central, 10, and 30 ° positions 
over a period of 3 days. When all of the subjects in a 
particular condition had been tested, the total number of 
correct responses toward each of the gratings (within 
each field) was calculated and expressed as a percentage 
of the total. 
With the two-alternative forced-choice procedure that 
we used, we expected that if subjects could discriminate a 
grating from the gray background, the percentage of the 
group's fixations toward the grating should be signifi- 
cantly greater than chance (50%). To analyze this, we 
performed for each age/spatial frequency/field/eccentri- 
city combination, a normal approximation to the 
binomial (two-tailed), assuming that P = 0.5, where P is 
the probability of fixating the grating by chance. As we 
conducted a large number of statistical tests (47 for 
infants and 15 for adults), we adjusted the alpha value to 
P < 0.004 in accordance with the modified Bonferroni 
technique. Therefore, it is important to note that 
statements below, which refer to performance differences 
as a function of age, spatial frequency, visual field, or 
eccentricity, are based on whether or not groups 
performed at or above chance levels for a grating of a 
particular spatial frequency. With this caveat, we 
recognize the descriptive nature of our results and the 
restricted generalization that this analysis permits. 
To illustrate the results in graphical form, we 
cumulated the data from all of the infants in each group 
and from the adult subjects and plotted the mean 
psychometric urve for each age group, eccentricity, 
and visual field. These curves are shown in Fig. 1. In 
addition, like Sireteanu et al. (1994), we estimated the 
spatial frequency which corresponds tothe point at which 
each group function crosses the 70% correct line. These 
are indicated by the arrows in Fig. 1. 
There were four results. First, infants' central and 
peripheral visual acuities were very poor at 1 month but 
improved over the next few months. Under central 
viewing conditions, 1-month-olds' performance ex- 
ceeded chance levels for the grating representing a
spatial frequency of 0.96 c/deg. At 2 months, above 
chance performance improved an octave to 1.9 c/deg and 
increased another octave by 3 months to 3.8 c/deg. Under 
peripheral viewing conditions there was little improve- 
ment in performance between 1 and 2 months at 10 °. 
Visual acuity in both peripheral fields at this eccentricity 
was about 0.96 c/deg for both age groups. An age 
difference was apparent at 30 °, in that 1-month-olds' 
performance did not exceed chance at even the lowest 
spatial frequency (0.24c/deg), whereas 2-month-olds 
met this requirement at 0.24 and 0.48 c/deg in the nasal 
and temporal fields, respectively. There was an improve- 
ment in performance between 2 and 3 months, where 
increases of about an octave in each field were evident 
both at 10 and at 30 °. However, 3-month-olds' visual 
acuity was still far from mature at any eccentricity, as 
even the highest spatial frequency which exceeded 
chance levels was at least 2-3 octaves below the highest 
resolvable by the adults. 
The second result is that for all age groups, monocular 
visual acuity decreased with increasing eccentricity. This 
can be seen in Fig. 2, where, for comparison, we have 
plotted the data previously reported by Courage and 
Adams (1990). 
For the 1-month-olds, there was a notable drop in the 
percentage of correct responses to the 0.96 c/deg grating 
between central (84% correct) and 10 ° (both temporal 
and nasal 69% correct) viewing--although both of these 
values were significantly above chance. Beyond 10 ° no 
quantitative statements can be made about visual acuity, 
asperformance did not exceed chance on even the lowest 
spatial frequency tested in either field (0.24 c/deg). The 
2-month-olds' significant percentage correct scores 
dropped by an octave between central and 10 ° viewing, 
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FIGURE 3. Individual psychometric functions for 2- and 3-month-old 
infants' temporal and nasal field acuities at 10 °. The group 
psychometric functions for their espective age groups are presented 
for comparison. 
from 1.9 to 0.96 c/deg. Between 10 and 30 ° there were 
further decreases in the percentage of correct responses. 
Specifically, in the temporal field there was a decrease of 
1 octave (to 0.48 c/deg) and in the nasal field there was a 
decrease of 2 octaves (to 0.24 c/deg). Finally, for 3- 
month-olds, there was also a 1 octave drop between 
central and 10 ° viewing--from about 3.8 to 1.9 c/deg. 
For these 3-month-olds there was a further 1 octave 
decrease (to 0.96 c/deg) in the temporal field and a 
2octave decrease (to 0.48 c/deg) in the nasal field 
between 10 and 30 °. The adults we tested performed 
significantly above chance at the highest spatial 
frequency (30.6c/deg) presented centrally. At 10 ° 
performance was still significantly above chance at 
30.6 c/deg in the temporal field but dropped an octave 
to 15.4 c/deg in the nasal field. At 30 ° performance 
declined by a further 3 octaves (to 3.8 c/deg temporal and 
to 1.9 c/deg nasal). 
Our third result is evident from our findings on the 
developments with age and eccentricity. That is, visual 
field differences of about 1 octave in favor of the 
temporal field were evident among the 2- and 3-month- 
old infants at 30 ° eccentricity. Adult subjects showed 
temporal field superiority at both 10 and 30 °. Binomial 
tests confirmed that all of these field differences were 
statistically significant (P < 0.001). 
Finally, in order to establish whether our norms (which 
were based on group data) are reliable and have any 
clinical utility for the assessment of individual babies, we 
tested one 2-month-old and two 3-month-old infants 
repeatedly over a 3 day period during which time we 
obtained 120 trials from each infant. Figure 3 shows the 
psychometric functions for these infants in comparison to 
the respective group functions. As can be seen, the 
individual psychometric functions matched those of the 
groups fairly closely. 
DISCUSSION 
Development of monocular acuity in the early months 
Although our results lack the precision of mathema- 
tically interpolated thresholds, the group psychometric 
functions for central viewing reported here are generally 
consistent with those reported previously in similar PL 
studies of infants' monocular visual acuity (Atkinson et 
al., 1982; Birch, 1985; Birch & Hale, 1988; Birch & 
Swanson, 1992; Dobson, 1983; Mayer et al., 1982; 
McDonald et al., 1986). Collectively, these studies 
indicate that monocular acuity under central viewing 
conditions improves from about 1.0 to 3.0 c/deg between 
i and 3 months of age. In contrast, the literature on the 
early development of monocular visual acuity in the 
periphery is sparse. However, the present data at 10 and 
30 ° are compatible with the 20 ° data reported by Courage 
and Adams (1990) and show that visual acuity improves 
substantially across the visual field in the first 3 postnatal 
months. Our results are also consistent with those of 
Sireteanu et al. (1994). Although we did not test 
binocular visual acuity in the study reported here, we 
previously found an advantage (0.5 to 1 octave) for 
binocular over monocular acuity at 20 ° (Courage & 
Adams, 1990), a result consistent with those of studies 
cited above in which binocular and monocular visual 
acuities were compared. 
Variation with eccentricity 
The second finding reported here is that at all ages, 
monocular visual acuity decreased with increasing 
eccentricity. The 1-month-olds' performance declined 
between central and 10 ° viewing and will not be 
discussed further except o note that Lewis and Maurer 
(1992), using static perimetry, found that infants of this 
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age were able to detect a 6 ° light in the temporal field at 
30 ° eccentricity. Thus we did not exceed their functional 
visual field. Integration of the findings from the 2- and 3- 
month-olds inthis study with those previously reported at 
20 ° (from Courage & Adams, 1990) indicates that most 
of the fall-off in visual acuity occurred between central 
viewing and 20 ° . The decrease in visual acuity with 
increasing eccentricity is generally consistent with the 
findings of Sireteanu et al. (1994) who found that for 
subjects under 6 months of age, binocular peripheral 
acuity was lower for gratings centered at 20 ° than for 
those centered at 10 ° . Interestingly, although our data 
lack the precision to make a definitive statement, Fig. 2 
also suggests that the central to peripheral gradient of 
sensitivity may not be shallower in the infant han it is in 
the adult (see Mohn & Van Hof-van Duin, 1990), i.e., in 
general, most of the decline in visual acuity occurred 
between central and 20 ° for all ages. 
The decline in adults' binocular and monocular spatial 
resolution with increasing eccentricity is well known 
(Fahle & Schmidt, 1988; Frisen & Glansholm, 1974; 
Green, 1970; Johnson, Keltner & Balestrery, 1978; Kerr, 
1971; Rovamo et al., 1978; Sireteanu & Fronius, 1981; 
Thibos et al., 1987). The explanation ofthe decline is that 
from the fovea and out to about 10 °, the intercone spacing 
sets the upper limit on the ability of the visual system to 
resolve spatial detail. Beyond 10 °, visual acuity is worse 
than would be predicted by optical loss or by receptor 
density and is likely due to factors also known to vary 
with eccentricity such as the size, shape, and density of 
cones, ganglion cell density, the convergence of cones 
onto ganglion cells, and the magnification of retinal-to- 
cortical connections in the visual system (see Anderson, 
et al., 1991; Banks, et al., 1991; Curcio, et al., 1990; 
Grigsby & Tsou, 1994; Rovamo et al., 1978; Thibos et 
al., 1987). However, the extent o which these factors 
constrain young infants' ability to resolve spatial detail as 
a function of eccentricity is not yet known. 
Naso- tempora l  asymmetry  
The third finding we report is the difference in the 
development of peripheral acuity in the monocular 
temporal and nasal visual fields. Although there were 
no reliable field differences among 1-month-olds, 2- and 
3-month-olds howed consistent field differences of 
about an octave in favor of the temporal visual field at 
30 ° . Using the same procedure Courage and Adams 
(1990) found that 3-month-olds also showed a field 
difference of about 1 octave at 20 °. This naso-temporal 
asymmetry was observed in the adult subjects at 10, 20 
and 30 ° . In the only other study to examine the 
development of monocular acuity in the periphery, 
Sireteanu et aL (1994) reported a temporal field super- 
iority in all age groups of infants tested, although no 
consistent asymmetry was found in the adult subjects 
tested. Further, the 70% correct nasal and temporal 
values indicated for our 3-month-olds at 10 ° (our only 
group that can be compared to those in Sireteanu's study) 
are close to those reported by Sireteanu et al. (1994) for 
her 2- to 5-month-olds. 
Visual field differences in acuity favoring the temporal 
field have been reported previously for adult subjects 
(Frisen & Glansholm, 1974; Green, 1970; Grigsby & 
Tsou, 1994; Kerr, 1971; Millodot et al., 1975) and have 
been attributed to corresponding anatomical symmetries 
within the visual system. For example, Curcio et al. 
(1990) reported that at equivalent eccentricities beyond 
15 ° from the fovea, cone density was 40-45% higher in 
the nasal retina than in the temporal retina. Additional 
asymmetries in ganglion cell topography have been 
reported such that the nasal retina has a lower cone-to- 
ganglion cell ratio than does the temporal retina at all 
eccentricities (Allen et al., 1989). These asymmetries are 
probably laid down early in prenatal development. For 
example, Provis et al. (1985) reported a naso-temporal 
asymmetry during neurogenesis in the first trimester of 
human fetal ife as well as more rapid growth of ganglion 
cells in the nasal than the temporal retina throughout 
gestation. 
Although anatomical asymmetries seem to be estab- 
lished prenatally, we did not find asymmetries in 
psychophysical measures of visual acuity before 
2 months of age. Similarly, Lewis and Maurer (1992) 
failed to find any asymmetry in newborn infants' ability 
to detect peripheral stimuli, although a temporal field 
superiority emerged at 1 month. Nonetheless, our failure 
to find field differences in performance b fore the age of 
2 months may be due to the insensitivity ofthe procedure 
we used to assess visual acuity in very young infants. Not 
only were 1-month-olds difficult to test with our 
procedure, but the series of spatial frequencies that we 
used varied in full octave steps which may have masked 
early (and perhaps small) field differences in spatial 
resolution. 
In conclusion, although the estimates of monocular 
visual acuity reported here for 1- to 3-month-olds are 
substantially ower than those of adults', spatial resolu- 
tion across the young infants' visual field mirrors that of 
the adult in several important respects. Specifically, 
monocular visual acuity is highest in what we assume to 
be the central area and decreases progressively with 
increasing eccentricity. In addition, from the age of 
2 months, monocular visual acuity is higher in the 
temporal than in the nasal visual fidd although only at 
30 ° eccentricity. From these findings we conclude that 
infants' peripheral acuity is immature: in relation to 
adults' peripheral acuity and also in relation to infants' 
central acuity. Thus, the relatively greater morphological 
maturity of the peripheral retina compared to the fovea in 
the early months of life does not translate into greater 
functional maturity, at least for spatial resolution. 
The results reported here contribute to the ongoing task 
of describing the development of spatial resolution across 
the visual field in the early months of life and 
complement the more comprehensive account of Sir- 
eteanu et al. (1994), who tested older infants with more 
traditional psychophysical procedures. However, the 
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interpretat ion of  all o f  these results is l imited by the 
paucity of  in format ion on the deve lopment  o f  the 
anatomical  structures in the visual  system which mediate 
spatial resolut ion in the per iphery dur ing infancy. The 
task o f  establ ishing the l ink between psychophys ica l  
est imates o f  spatial resolut ion across the visual  f ield and 
the deve lop ing  neural  structures that subserve this v isual  
funct ion is formidable.  Nonetheless ,  we have prov ided 
some observat ions  wh ich  contr ibute to the solut ion o f  this 
cha l leng ing puzzle.  
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